Information and Communication Technology services for socio-economic development of low-literacy users in rural communities in developing regions are new research contributions that seek to alleviate poverty in underserved communities. The intended users are still new to these technologies and can be described as novice users. This study was conducted to design a mobile user interface to enable low-literacy users in Dwesa community in South Africa to have access to mobile commerce services. We applied different ethnographic research methods through a usercentred design approach to actively involve the target users in the design process. This helped to identify the users needs and also meet users expectations. The usability of the mobile user interface was evaluated with the target users in the community. The user evaluation shows that the users have positive attitudes and perception of the system. The study found that the user interface conforms to the users cultural experience and preferences and they are also positive in their intent to use the user interface.
INTRODUCTION
Rural communities in developing countries often lack basic socio-economic infrastructure to alleviate their living standards. The communities are underserved and lack basic government provided infrastructures. In the research community, Information and Communication Technology (ICT) have been recognized as viable platform for socio-economic development and poverty alleviation in underserved communities (Heeks, 2008) . Notable areas for ICT implementations in rural communities include products and services in educati on, health care, socio-economic development, government information and services. These ICT services and others will bring positive impact and improve rural livelihood. The introduction of these technologies in rural communities is not without challenges such as technology illiteracy, low literacy level and cultural barriers.
In order to overcome these challenges, understanding of the users socio-cultural environment and preferences is required. During the design ICT products and services for low-literacy users, adequate attention must be given to these concerns and other problems that might impede the usability of these services. This will help to achieve the anticipated goals of the project. No doubt these technologies in most cases may be new to the people, their cultural background and their capabilities. The design of a user interface that conforms to the socio-cultural environment of the users, their capabilities and preferences will play a significant part in the usability of the user interface, increase user experience and make the technology acceptable to the people.
The objectives for implementing ICT projects in rural underserved communities are to promote socioeconomic development and poverty alleviation among the people. Such systems must conform to the experience and capabilities of the people, and also meet their needs and expectations . Any design that goes contrary to these will result to user interfaces and systems that are not usable and users will spend more time struggling to conform to the systems (Marcus, 2001) . Usability and user experience are key ingredients for a successful implementation of ICT services and mobile applications (Hassanein and Head, 2003) , even for rural users.
New technology users in rural community are usually influenced by their socio-cultural environment. This is their everyday living which also has an influence on how they use technology. They also lack experience with technology and interaction with user interfaces. These groups of users need services and user interfaces that are easy to use, intuitive and conform to their rural way of life. The application of ethnographic research methods through a user-centred design approach enable even low-literacy users to be fully involve in the design process. The interactions usually provide useful information that will produce a user interface that is accessible to the target users irrespective of their capabilities and experience with technology.
This paper presents the study that lead to the design of a mobile commerce application and a localized mobile user interface for micro-entrepreneurs in a rural community in South Africa. We adopted the technology acceptance model (TAM) constructs to examine the users attitudes towards the localized user interface. The result of the descriptive statistical analysis of user data is also presented and conclusions made.
Related Work
Information and Communication Technology have become the catalyst for 21 st century businesses. ICTs provide sustainable development even in developing countries. ICTs have penetrated every aspect of human life (Heeks, 2008) . The mobile phone is a good example of ICT product that is delivering electronic services to micro-entrepreneurs in developing countries. These ICT devices serve as media for improving businesses and also for satisfying user intrinsic needs (Donner, 2004) . Despite the achievements recorded by small business owners with the mobile phone in developing countries, the vast majority of ICT projects for development are still concentrated in urban centres (Batchelor and Scot, 2005) . The rural communities are still not considered as viable markets for ICT deployments. The rural communities in developing countries are alleged to be risky markets and are yet to be fully explored to a large extent (Heeks, 2008) . Research has revealed the significant impact of ICTs on the economic growth of businesses in developed countries where they have been deployed and used successfully (Dedrick et al., 2003) .
Mobile networks have reached several rural communities providing mobile connectivity to the rural inhabitants (ITU, 2007) as a result of the increasing demand for mobile telecommunication. Mobile telecommunication has greatly narrowed the digital gab that was created as a result of the absence of desktop computers in rural communities in developing countries. Africa accounts for the highest mobile phone subscription rate in the world (World Bank report, 2009). Users of mobile phone now have provision and opportunity to have access to information and ICT services from the Internet (WAP and HTTP enabled mobile phones), and do not need to worry and wait till they are able to afford a desktop computer before being connected. Low-literacy mobile phone users in rural underserved communities can be provided with mobile ICT services for socio-economic development. These services can be accessible with user interfaces that conform to the users socio-cultural environment and preferences and improve the usability and experiences of the users.
The use of ICTs for socio-economic development of low-literacy and poor people in developing countries have shown positive impact among the people where they have been implemented, mainly in Asia. These research efforts include computer literacy programmes and ICT services in health, education, microfinance and others. All these research efforts had made attempt in making ICT services accessible to lowliteracy users by developing the services and user interfaces that are easy to use by the target users. Medhi et al. (2006) designed a text free user interface on desktop computers to enable semi and illiterate domestic labourers in India to find jobs within their community on the Internet. The user interface presented static diagrams that depict job activities recognizable by the users. This is similar to the work carried out in this study but differed on the platform of implementation. The target users used the user interface successfully to access information on the Internet. Patel et al. (2008) describes a mobile phone voice user interface developed for rural Indian farmers and to enable the farmers share farming information within their community. Sherwani et al. (2007) present an online desktop application prototype developed to assist rural low-literacy community health workers in Pakistan. The Internet based application helps the rural health workers to access health information from the Internet and applies the information on their job to improve the delivery health care in the rural areas.
A mobile user interface that enables members of Self Help Group in a rural community in India to manage their finances is described in Gosh et al. (2003) . The users formed a microfinance group and use the user interface to save and lend money to members and also help the users access their account and attract government support with the help of the interface. The users were semi-illiterate rural community members. The application environment and user group have similar characteristics to the environment and user group in this study. The application domain and the input into the user interface are different from this study. Cremers et al. (2008) discussed user-centred design processes by studying user interfaces of ATM machines with the involvement of illiterate persons. The study gave account on the techniques that will allow adequate participation of semi-illiterate persons during the design of user interfaces that will meet user requirements for semi-illiterate persons.
A study was conducted on 28 different games played by low-literacy rural children in India in order to design a digital videogame application by Kam et al. (2009) . In designing the mobile game application and user interface, the authors applied ethnographic studies to elicit the tasks requirements for the game and user interface. The authors fashioned out the interaction requirements based on their decisions as a means of adding flexibility, intuition and increase user experience.
In order to design suitable user interface for illiterate people, Medhi et al. (2009) performed a study to find a user interface type that will be easy and intuitive to illiterate users and help the users to access financial services. The authors also tried to determine user interface preference among illiterate users and they found that illiterate users performed better with spoken dialog interfaces than text-based interfaces. Illiterate users also preferred the spoken dialog interface to the text-based interface. Medhi et al. also found that the illiterate users performed tasks at a very high level with multimedia user interfaces.
Speech versus Dual-Tone Multi-Frequency (DTMF) input voice interface designed for low-literacy users is discussed in Patel et al. (2009) . The study compared users performers using the speech versus DTMF input interfaces. The researchers found that lowliteracy users performed better with DTMF input as compared to the voice input.
A study carried out to determine user interface representations that can assist illiterate and semiilliterate users in speedy understanding of health information is presented in Medhi et al. (2007) . Medhi et EDIM A. EMMANUEL AND HIPPOLYTE N. MUYINGI al. found that users comprehension is better when presented with voice annotations and hand drawn graphics on the user interface.
A mobile phone user interface for semi-illiterate users in rural communities in India is described in Parikh et al. (2006) . The user interface enables the users to use their mobile phones to capture data from paper documents through the camera of their mobile phone. The camera reads visual codes on the paper documents to give details of the financial status of the user. The user interface known as CAM is intuitive, flexible and easy to use for interactions. The user do not need to read information on the documents but rather, the phone reads the visual codes and the application does the interpretation and give the user the required information.
A study that looked at user performance and preference for speech versus touch-tone user interface among low-literacy community health workers in rural Pakistan was conducted by Sherwani et al. (2009) . The study found that low-literacy participants performed better with the spoken dialog interface than the touchtone interface.
Research had shown that ICT services can be used to empower low-literacy users in rural communities both socially and economically. Mobile phone penetration in rural underserved communities has brought an accessible technology platform to the rural people. The implication is that the digital gap created as a result of the absence of personal computers in rural communities is gradually diminishing. Mobile ICT services (such as mobile commerce) targeting the rural community people would be accessible using mobile phones. It will enable information flow between the rural communities and the outside world.
Research efforts towards the use of ICTs for empowering low-literacy users in rural communities in developing countries had shown positive contributions to the socio-economy of the people. These efforts have not reached the vast majority of African rural communities. The user interfaces for mobile ICT services will play a major part in encouraging low-literacy users to adopt ICT services into their socio-economic activities.
Methodology
ICT projects or services targeting low-literacy users in rural areas are usually initiated by designers or researchers from different environments or background. The development process may solely rely on the decisions of the initiators who may not have the same cultural influence or challenges like the target users. The final product may tilt to the designer s perspective and experience rather than the users. In rural areas, users often do not posses any experience in the technology and may find it difficult to make meaningful contributions to the design of the application and user interface (Edim and Muyingi, 2010a) . They also find it difficult to form a user model of the intended application (Isabirye and Flowerday, 2008) . It is evident that when the users are given the opportunity to participate in the design process a successful and acceptable system will emerge (preece et al, 2002) . For this reason, we applied a user centred design approach in this study.
We adapted the user centred design approach to meet up with the user environment and the characteristics of the target users. Within this approach various research methods were applied to ensure effective user participation. The user centred design approach consists of the following phases:
i. User/environment study -This phase involved determining the user characteristic, user needs and the cultural environment. We conducted onsite visits and informal interviews with community members. A survey was also carried out to gather substantial amount of qualitative and quantitative data. The survey consisted of positively rated Likert-scale questions with a point scale of 1-5. The questionnaires were distributed by simple random sampling to community members and a total of 120 responses were received from the respondents. ii. Tasks analysis and scenario design -At this point the emphasis was to identify the user tasks for the user interface and the mobile commerce system functions. We conducted an audit of similar applications and user interfaces and gathered data for scenarios design and formative evaluation. Focus group was organized in the community with the help of a community facilitator for formative evaluation of the scenarios and data gathering. 9 crafters took part in the evaluation in Ngwane art and craft center in the community. iii. Prototype design and evaluation -Prototype in the early stage of system development helps the users to form a mental model of the system and facilitate the process of eliciting user requirements. The prototype application and user interface were designed and formative evaluation sessions were performed through focus groups in the community. 12 school learners in grade 11 and 12, and 7 crafters with an average age of 42 years participated in the evaluation. During the process data were elicited from the participants. The data include images of crafted products from the crafters, and user interface interaction preferences. iv. Cultural adaptation of user interface -In order to adapt the user interface to a culture sensitive user interface, we conducted different research methods that include audit of the cultural environment, interviews with community members and survey. During the audit of the environment, we surveyed the environment to identify artefacts within the cultural environment that the people of Dwesa interact with on daily basis within and outside their homes. Images of these artefacts were captured, evaluated, and validated with experts who were also computer literate. The survey consists of the Value Survey Module (Hofstede et al. 2008 ) questionnaires which were distributed to the literate members of the community. Oral interviews were conducted in the community by visiting participants in their homes. v. Design evaluation: the user interface was evaluation through focus groups method and single user evaluation. Focus groups consist of 12 school learners in the 11 th and 12 th grades with an average age of 17.5 years. 11 crafters constituted the second focus group made of 7 semi-illiterates and 4 illiterates. The average age of the crafters was 48 years. The third focus group consists of 9 clerical staff in the community schools. Their average age was 36 years. During single user evaluation, 10 educators from the community schools participate in the evaluation on individual basis. Their average age was 38 years. All the participants were given a post-test questionnaire to fill at the end of each evaluation session.
Data Analysis and Results
There is generally low level of ICT awareness in the community and as such the design process was very tasking. Mobilizing the community members to participate was also difficult. The distance between the researchers and the community also created its challenges. This made the process of designing and user participation more difficult. The presentation of this study results is done following the approach adopted in the methodology.
User Environment
Based on the survey conducted, the occupation distribution include: Farmers, women engaged in art an d craft, school learners, teachers (educators), none teaching staff in schools and the unemployed. The mean age distribution of the respondents was 35 years. 77.4 percent of the respondents owned mobile phones. The mean years of using a mobile phone by respondents was 2.6 yrs. Figure 1 represents the technology literacy (awareness and use of technologies) in the community.
Figure 1. ICT technologies awareness and use
On a point scale of 0 5, respondents who are aware or have used mobile commerce were less than 2.5 points and those who are aware or have used the Internet scored 3 points. The graph shows a low level of awareness and use of the different technologies in the graph. These users are not very familiar with modern ICTs. The implication on the user interface design is that it will be difficult for these users to make good contribution in pointing out what they want or state what their requirements are. The technology landscape indicates that the Dwesa people are novice technology users. These groups of users need user interfaces that are simple and easy to understand. The user interface should be able to conform to their cultural environment so that it will present features that are easy to understand and use.
Business activities within the community were very low. The inhabitants in the community depend on the market in the nearby town (Wilowsvale), which is a distance of 40km on a rough un-tarred road to purchase their household needs. They also take any produce or products from the community to this market if they have to sell and at the same time bear the cost of transportation. Lack of basic infrastructures and poverty has caused the local market not to develop. This situation further discourages the local microentrepreneurs from developing their trade.
Task Analysis
An audit of similar and existing e-commerce and m-commerce applications helped in identifying user tasks and user interface interactions and activities. The best solutions were selected and applied in designing two separate sets of goals and user tasks. One is the set of tasks the customer will perform to achieve the goal of purchasing an item from the online shop. The other set of tasks are the ones the shop-owners will perform to achieve the goal of managing their on-line shops. Figure 2 illustrates an upper level tasks tree for shop-owner interactions.
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Figure 2. Shop-owner tasks tree
Prototype Design
The prototype provides two different user interfaces for interaction, one for the customers wishing to interact with m-commerce application and the other for the shop-owners to enable them manage their online shops. The customer will interact with a graphical user interface to carry out tasks that include registering and placing an order for items. On the other hand, the shopowner is presented with a localized user interface that allows him/her to manage the online shop. The shopowner tasks include: creating a new online shop, add a product to the online shop, update an existing item in the shop , remove a product from the shop, Check for any existing order made by a customer, etc. Some of these actions are initiated using a button or selecting a graphical icon on the screen. Users evaluation data were collected and used to refine the prototype. Figure 3 shows screen shots of the prototype. Figure 3(a-d) shows the home page of the m-commerce application and user interface in one of the online shop and its products, products in a shopping basket (3c), and the shop-owner user interface respectively. Figure 3d is a localized user interface for the local shop-owners. 
Cultural Adaptation of User Interface
Cultural differences exist among different people and regions. Culture influences design decisions, users perspective and the artefacts used on the interface (Smith et al., 2004) . Good design of cultural interface elements with users preferences will improve usability of the system (Marcus, 2001; Shen et al., 2006 Shen et al., , W3C, 2009 , and also a means of bringing technology to communities that are technology illiterates (Yeo, 1996) . The value survey module provided data on culture dimensions of Dwesa people. The results are presented in Table 1 . Hofstede s dimensions of culture (Hofstede, 2008 include Power-distance, Collectivism vs. Individualism, Femininity vs. Masculinity, Uncertainty avoidance.
The cultural dimensions of Dwesa people and other findings are presented in Table 1 . Dwesa is a moderate power distance society. The implication on the user interface design is that the people will embrace interface elements that represent their national symbol, their heroes, and artefacts that depict their national monuments. It is a collective society. The implication is that the people will prefer user interfaces that bring out their collective value systems. The Dwesa society is a collective one and as such, the people will want user interface elements that represent family values rather than individual values. The uncertainty avoidance dimension is high. The implication on user interface design is that the people will prefer user interface elements that are not complex, a menu system that is short devoid of high hierarchies, information on interface that does not have hidden meaning and interaction elements that represents their culture. They prefer user interface elements to be in a language that they are familiar with and simple to recognize and understand. Dwesa is also a masculinity society and the implication on user interface is that interface elements that are gender sensitive will not be attractive to the people. Table 2 presents cultural preferences of the people in Dwesa community. These preferences are what the participants felt it would help to make the user interface simple and easy to understand. For instance, different colors have their meaning and what they symbolize in the society. The black color represents a state of soberness/evil and will easily repel the people. The yellow color is a national color and is generally accepted. The brown color is used for decoration and represents strength. 
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identified cultural metaphors/icons used on the interface. These interface markers were used as static diagrams to represent user interface metaphors/icons. These artefacts represent cultural artefacts found within the cultural environment of the Dwesa people. The mobile device is limited in size and capabilities and as such limited amount of graphics is recommended to reduce the weight on the interface, and the cost on the user. 
User Evaluation
The shop-owner user interface was evaluated by participants in the community. Each of the participants performed selected tasks while we observed and took record of our observations. At the end, we gave out post-test questionnaires (Likert-scale) and interviewed participants as well. The questions centers on perceived usefulness of localization, perceived usefulness, perceived ease of use and perceived intention to use the system. We adopted the technology acceptance model (TAM) constructs (Davies, 1989) to design the post-test questionnaire and test users perceptions of the system. TAM was used by Evers and Day (1997) to evaluate cultural preferences among users of globalised software. Also, Aggelidis and Chatzoglou (2009) applied TAM constructs to test users behavior towards an ecommerce application. Table 4 presents the results of users perception.
The result shows that participants have a high perception towards the system. The users were positive in perceived usefulness of localization and ease of use with mean scores of 3.59 and 3.75 respectively. They see localization as a means of making the user interface to conform to their cultural environment and making it easy for them to interact with the interface. The users were also positive in the rating of perceived usefulness and perceived intention to use the system with mean scores above 4 respectively. The users feel that the user interface and application are useful to their community and are positive that they are going to use the system. The positive rating of all the constructs shows that the user interface was easy to understand and use. Cultural adaptation of the user interface had made the artifact to conform to what the people are familiar with. The correlation coefficient of perceived usefulness of localization, ease of use, usefulness of interface indicates that there exist a positive correlation between these constructs and intention to use the system. The participants were first time users who were not very familiar with the process of evaluation and the technology. Based on the results, the users were able to use the user interface and are positive in the intention to use the user interface and application. In the evaluation process, the participants were given two tasks to perform. The first tasks involved creating an online shop. The subtasks include selecting the menu, and entering the user name and password, and then the name of the shop and the type of products to present in the online shop. The second task involved adding two products into the newly created shop. The subtasks include selecting the shop from the list, and adding the products and the relevant fields that describe the products. Figure 4 presents the tasks completion rate among the different user groups in the community. The results show that the users irrespective of their literacy and technology awareness levels, they were able to interact with the user interface successfully. There was more than 50% tasks completion success rate among the different user groups for the two selected tasks. The crafters despite the low-literacy level performed very well and recorded more than 50% successes. The study found that the users were able to identify the user interface elements, and easily navigate through the interface to perform the tasks. The user interface elements meet the user preferences and cultural experiences. The study also found that the user experience will continue to improve as the users continue to use the interface. This is indicated in the level of task successes recorded when the users performed the second task after the experience the gathered from performing the first tasks. This is an indication that the users found the user interface simple to use and easy to understand. There was high level of precision in tasks performance among the different user groups. The study found that the users were familiar with the interaction elements on the user interface and as such it was easy for them to interact with the interface with ease.
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CONCLUSION
The proliferation of mobile phones to rural communities has made media accessibility possible for low-literacy users in developing countries. Mobile phones can be used to access information at anytime and anywhere. Low-literacy users in rural community will adopt ICTs when user interfaces required to interact with ICT services meets their cultural experience and preferences. In this study, we have designed a mobile user interface to enable low-literacy rural microentrepreneurs to interact with a mobile commerce application. The study found that the target users are willing to adopt the application and user interface for their economic advantage. The user-centered approach and research methods applied in this study enabled users to be involved in the development process. The research methods used were adapted to suit the culture and the environment of the target users for effective participation and to achieve the desired results (Smith et al. 2004) . This is because; in rural communities these technologies and user interface design processes are still novel to the users. The user interface has been customized to create a sense of belonging and facilitate technology acceptance (Yeo, 1996) .
The study results show that the users have positive perception of the user interface and intent to use the system. This study has provided evidence that cultural adaptation of user interfaces and interactions will support effective use of ICT services. This is because the process had helped to capture the needs and cultural experiences of the target users and created an artifact that meets the expectations of the users. This implies that cultural issues that influence the behaviours, motivations and attitudes of the users are very important in the design of a user interface targeting a given cultural group. This study is also an attempt to show that mobile commerce can be used for socioeconomic development of the rural communities in the long run.
Further research is expected to include more cultural artefacts and enhance the user interface further. Also, more study is required to test the user interface presentation across different mobile devices.
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